Recent results from several laboratories are surveyed. The topics include SOIbased ultrafast electrooptical modulators, N x N routing switches, tunable filters-andadd/drops, Raman lasers and amplifiers, electrically pumped group IV lasers, optically pumped Er:SiO 2 -overclad slotted rings, and a variety of nonlinear optical devices. 
Ultrafast Electrooptical Modulators Michal
Lipson's group is the pioneer in this area [13] and their recent results with the lateral-PIN-diode waveguided ring are: 25 ps rise time, > 5 GHz bandwidth and 0.3 V for min/max optical swing [14] . A very significant development was reported by Luxtera and its team members who have attained 10 Gb/s modulation in a carrier-depletion Si microring modulator [15, 16, 17] . This fast, efficient device uses a reverse-biased lateral PN junction within the Si ring, and the manufacturing is fully compatible with a 130-nm CMOS SOI production facility (a high-volume Fab). 6. Optically Controlled Optical Modulators Nonlinear optical (NLO) modeling and simulation predict 94 GHz modulation of a weak optical signal by a strong 1550 nm pump in a Si slotted ring containing silicon nano-crystals [18] . The speed of pump-and-probe modulation via two-photon absorption is limited by free-carrier lifetime in the range of 100 to 400 ps [19] .
Slotted Microring EO Modulators and Light Emitters
We know from the experiments of Polman and colleagues that Er doping of an Si-based SiO 2 microring will give optically pumped lasing at cryogenic temperatures [20] . Taking this a step further, if this Er:SiO 2 material is inserted into the 60-nm-wide slot in a waveguided, laterally contacted silicon microring, then the carrier transport through this oxide by highfield Fowler-Nordheim tunneling will give strong electroluminescence, perhaps lasing [21, 22] 8. Laser Diode Candidates I have proposed an electrically pumped room-temperature microring laser in vertically 3D-integrated SOI/SOI or SGOI/SOI for 1.3 -1.6 µm laser emission [23] . Lateral PIN pumping of the ring is proposed, and a key feature is that the waveguided ring consists of nanostructured Si or SiGe to provide more optical gain [24] than available from bulk crystal Si or SiGe. As shown in Fig. 5 of [23] , the active-ring region can be a lateral superlattice of 60-nm-diam pores [24] . 9. Possible Raman Lasers. Bahram Jalali in an unpublished 2006 paper has proposed an optically pumped Raman laser (or amplifier) in the form of an SOI microring coupled vertically to a linear SOI strip wavguide, a geometry quite similar to that of my electrically pumped laser. He has shown experimentally that an SOI microring "photonic layer" can be buried beneath a working CMOS transistor as part of a subterranean OEIC [25] .
Nonlinear Optical Devices
The NLO interactions that are currently exploited in SOI microring devices include optical rectification, the Pockel's effect and detection [26] , all-optical modulation, twophoton absorption, all-optical wavelength conversion, optical bistability, four-wave mixing, all-optical pump-and-probe switching, pump-and-probe routing of an optical pulse to the drop-or-through port, and all-optical logic gates. (The 3-page limit here prevents me from listing the NLO references). 11. Alternative Non-ring Resonators with Ultrasmall Mode Volume: When a mode volume of less than (λ/n) 3 is wanted, the Fabry-Perot cavity situated in an SOI sub-micron strip waveguide will satisfy this need, as is illustrated in Figs. 3 and 4 of my patent [27] in which the resonator is a point defect within a 1D photonic-crystal reflectors or a Si rectangle between Bragg-mirror slots. Robinson et al [28] add an in-line slot to the strip to confine the mode within a 10 -2 (λ/2n) 3 lower-index region. Other ultrasmall cavities are feasible [29] .
